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@ This invention relates.to methods for modulating the effects of TNF and IL-1, both the deleterious and the
therapeutical effect of these cytokines. In case of deleterious effects, the invention provides methods for
modulating the deleterious effect of TNF and/or IL-1 in mammals, by administering to @ mammal sub-deleterious
amounts of TNF and/or IL-1. The TNF and/or IL-1 to be modulated may be endogenous, i.e. generated in th

organism in severe cases in amounts deleterious to the organism, or exogenously administered to a patient in
amounts which are potentially deleterious. The compositions of the invention comprise effective amounts of TNF
and/or IL-1 with at least one pharmacsutically acceptable carrier. The invention aiso relates to methods for
monitoring.the modulation of the TNF effect in patients treated with TNF and/or IL-1.
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COMPOSITIONS AND METHODS FOR MODULATING THE EFFECT OF INF AND IL.1

FIELD OF THE INVENTION

The present invention relates to methods for modulating the effect of TNF and IL-1 in mammals, and to

methods for monitoring the modulation of the TNF effect in mammails. The invention aiso relates to
compositions comprising effective amaunts of TNF and HIS N

BACKGROUND OF THE INVENTION

The structures of tumor necrosis factor (TNF) and of interleukin-1 (IL-1), as indicated by th ir amino
acid sequences (1-6) bare no similarity to each other. However, recent information on the tunction of these
Cytokines suggests that their mechanisms of action are closely related. TNF-alpha and the structurally
homologous lymphokine, lymphotoxin, aiso named TNF-beta, were initially identified by their ability to
mediate in vitro cytotoxic effects on some cultured tumor cells and to induce in mice hemqrhagic necrosis
in certain transplantable tumors (7-9). Yet, it has later been found that TNF exerts, besides cytotoxic
activity, many other effects of the quite heterogeneous nature on cell functions (10). Several of these ffects
appear indistinguishable from those of IL-1. Both TNF and IL-1 have been found. for example. to stimulat
the growth of fibroblasts and to induce in these cells the synthesis of collagenase,. prostaglandin E; and
interferon beta-2 (11-16), to decrease in adipocytes the activity of lipoprotein lipase (17, 18). to activate
osteoclasts (19, 20), and to increase in endothelial cells adhesivity tor blood leukocytes and synthesis of a
cell surface protein which is probably involved in that adherence (21-23). Like TNF, IL-1 is cytotoxic to
some tumor cells (24). ' ' ‘

Among the many possible effects of the Cytotoxins (CTXs), no doubt the one with the most far-reaching
bearing on functioning of the cell is cell death, resulting from the cytotoxic activity of the CTXs. Cells
treated by interferons (IFNs) are found to exhibit a significant increase in vulnerability to killing by the CTXs
(10, 30) due to an increase in TNF receptor expression induced in those cells by IFNs (28, 30, 33, 34).
There are several indications that vulnerability to the Cytotoxic effect is subjected to regulation by
mechanisms which, at least in part, are independent to those controlling the response to other effects of
CTXs. Thus, comparison of etfects of the CTXs on cells of different cultured lines has revealed marked
differences in vuinerability from one cell line to another; tumor cells being in general more vulnerabl than
normal ones. These differences did not correlate to the level of receptors to the CTXs, nor to th

‘effectiveness at which non Cytotoxic effects could be induced in the ceils. Cell kilting by the CTXs is

enhanced not only by IFNs, but also by metabotic blockers, such as inhibitors of RNA and protein synthesis
(10). Prior art relating to the fact that TNF and IL-1 function through binding to high affinity cell surfac
receptors is disclosed in references (26) to (32). : .

-Inhibitors of RNA and protein synthesis, sensitize certain ceils to the cytotoxic effect of tumor necrosis
factor (TNF). Treating cells with TNF. for a few hours, in the absence of such inhibition decreases th
sensitivity to killing by subsequent application of TNF together with the inhibitors. Such decrease in
vuinerability to killing by TNF could be observed also when treating cells with preparations of leukocyte-
produced cytokines which were effectively depleted of TNF and lymphotoxin activity (10).

R is thus known that TNF has a cytocidal activity against tumor cells in culture. It is further known that
the killing by TNF is markedly potentiated by sensitizing agents, particularly by agents inhibiting the

'synthesis of RNA and of proteins, i.e. metabolic blockers. Thus, such sensitizing agents increase th

vuinerability of tumor cells to the cytocidal activity of TNF. It is also known that IFNs have a potentiation
effect on the cytocidal activity of TNF, similar to the effect of a sensitizing ag nt. '

It was also recentty revealed that TNF, which was b lieved to have a selectiv antitumor function, may
also mediate destructiv effects on normal tissu s. Thus TNF, with or without a s nsitizing agent or anoth r
potentiating material, while being potentially effective as 2 therapeutic material against tumor cslls, may also
be pot ntially deleterious to normal cells. )

it has previously been shown (50) that treating celis with crud | ukocyte-produced cytokine prepara-
tions can result in decreased vuin rabiiity to the cytotoxic effect which th cytotoxins (TNF and th related
protein-lymphotoxin) in such preparations can exert. That protective effect was observed when applying
preparations of the cytotoxins for a few hours and th n applying th m again in the presence of
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cycloheximide (CHI). The extent of cell death in case of treatment with the ieukocyte-produced cytokine
preparations prior to the treatment with the same preparations in the presence of CHi, was much lower than
that observed in applying these preparauons right away in the presence of CHI. The active ingredient in the
leukocyte-produced cytokine preparations was not known,

The identification, in accordance with the present invention, of IL-1 as the leukocyte-produced cytokin
desensitizing cells to the cytotoxic effect of TNF (i.e. decreasing the responsiveness to the destructiv
effect of TNF) and the studies which followed on both in vitro and in vivo systems have enabled to attain
the present invention.

SUMMARY OF THE INVENTION

The invention provides methods for modulating the effects of TNF and iL-1, both the deleterious and
the therapeutical effect ot these cytokines. In case of deleterious effects, the invention provides methods for
modulating the deleterious effect of TNF and/or IL-1 in mammals, by administering to a mammal sub-
deleterious amounts of TNF and/or IL-1. The TNF and/or IL-1 to be modulated may be endogenous, i.e.
generated in the organism in severe cases in amounts deleterious to the organism, or exogenously
administered to a patient in amounts which are potentially deleterious.

.The TNF and IL-1 used in the compositions and in the method of the invention may be of any origin,
native or recombinant. All types of TNF are contemplated by the invention. in particular TNF itself aiso
called TNF-alpha, and TNF-beta. also called lymphotoxin. In the case of IL-1, ail subtypes are considered,
in particular, IL-1-alpha and IL-1-beta.

Also within the scope of this invention is the use of TNF-and IL-i-like peptides in’ the method and
compositions of the invention. These are polypeptides displaying an immunological or buologncal activity of

human TNF or iL-1,

Also contemplated for use in the invention are derivatives of TNF and IL-1 and of TNF-and IL-1-lik
peptides, including salts of either or both the carboxyl and the amino terminal or side cham groups and
covalent modifications of the polypeptide terminal residues or side chains.

it may be desired to potentiate the therapeutical etfect of TNF in very severe cases by adrmmstenng it
together with IL-1 and vice-versa. To this end there are provided by the invention, for the. first tim .
compositions comprising TNF and IL-1 (or a derivative or TNF-or IL-1-like peptide) and at..least one
pharmaceutically acceptable excipient. These compositions may be useful in critical cases, provided their
deleterious effect can be overcome.

When therapeutically effective but potentially deleterious amounts of TNF or IL-1 are administered to a
patient, the preferred method of the invention comprises administering the sub-deleterious amounts of TNF
or IL-1 prior to the administration of the therapeutically effective but potentially deleterious amounts of TNF
or IL-1. Either TNF or IL-1 can be administered as a single active material; however a combination of the
two materials can also be used for administration both at the pretreatment stage of administration of sub-
deleterious amounts and at the second stage of administration of the therapeutically etfective amounts.

In accordance with the invention the TNF and/or IL-1 may be administered without any additional active
material, but in accordance with a preferred embodiment of the invention the therapeutically effective but
potentially deletsrious amounts of TNF and/or IL-1 are administered in combination with effective amounts
of sensitizing agent. Preferred sensitizing agents are metabolic blockers or chemotherapeutically active
drugs. such as Actinomycin-D. The sensitization can also be effectad by ionizing irradiation treatment.

In accordance with yet another preferred embodiment of the invention, the method for modulating the
deleterious effects of the TNF and/or IL-1 invoives administration of IFNs at different stages of th
treatrnent, sither prior, following or simultaneously with the administration of the non-deleterious amount of
IL-1 and/or TNF. Interferons of any origin, native or recombinant, and of all types and subtypes - alpha, beta
or gamma, may be used in the methods and compositions of the invention. In a preferred embodiment,
recombinant IFN-gamma is used.

The invention also provides for a m thod for modulating the del terious effects of TNF and/or IL-1
wherein the TNF and/or the iL-1 and optionally the sensitizing agent or th interf ron are targeted to a
specific cell. Targeting is carried out by an antibody recognizing specific ¢ Il surtace antigen, or by other
known methods based on ¢ Il specific characteristics, such as association with horm n  acting on such
cells.
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Th invention further provides a method for monitoring the modulation of the TNF effect in a patient
treated with sub-deleterious amounts of IL-1. comprising the quantitation of TNF receptor level in cell
samples of said patient. Preferred call samples are peripheral blood leukocytes. This aspect of the invention
is based on the finding by Applicants that binding of radiolab led TNF to cell surface receptors was
markedly reduced subsequent to the treatment with IL-1. The decrease in TNF binding was initiat @ within
minutes of application of IL-1 and was not due to competition of IL-1 and TNF for binding to a common
receptor, but rather reflected reduced expression of the receptor for TNF as part of the cellular response to
IL-1. The regulation is reversible and the TNF receptor level is fully recovered within a few hours of removal
of iL-1 (see table III). '

In accordance with another aspect of ths invention, there are provided compositions comprising
effective amounts of TNF and IL-1 with at least one pharmaceutically acceptable carrier. The compositions
of the invention can be prepared by pre-mixing the active ingredient or by tandem administration of each of
the active ingredient. i.e. by in vivo mixing. The nature of the carrier depends on the way it is applied for
therapeutic purposes - be it in the form of a cream or lotion - for topical application or in the form of liquid,
in which the active materials will be stabilized by adding components such as human serum albumin, for
injection application. The TNF, for exampie, is effectively cytotoxic to tumor and to virus infected cells at
concentrations as low as 10 picograms/mi. The amounts of TNF and/or IL-1 applied for therapy will be
adjusted to reach such range of concentrations, or higher ones, in the target tissues. The compoasitions may
also comprise sensitizing agents. e.g. metabolic blockers such as cycioheximide {(CHI), Actinomycin D or
Mitomycin C, or interferons, particularly IFN-gamma.

DESCRIPTION OF THE DRAWINGS

The present invention is further described, by way of example. with reference to the accompanying
drawings, in which :

Figure 1 shows the identification of IL-1 as the leukocyte-produced cytokine which desensitizes cells to
the cytotoxicity of TNF. A crude cytokine preparation produced by activated U937 cells was subjected to
fractionation in two stages : (a) by gel filtration on Ultrogel AcA 54 column in 1 M NaCl, 10mM sodium
phosphate buffer, pH 7.4, 0.1 mM EDTA, 0.1% potyethylene glycol. 30% ethylene glycol and (b) by ion
exchange HPLC or Mono Q column. The sampile was applied in 20 mM tristhanolamine, pH 10, and elfuted
with a gradient of NaC! (0-0.125 M). At both stages the desensitization activity and IL-1 activity (Thymidin
uptake by thymocytes) copurify. By analysis with sodium dodecy! sulfate polyacrylamide g | slec-
trophoresis, it was found to contain a major protein with approximate m.w. 17,000 and only minor amounts
of other proteins of lower m.w. v

Figure 2 shows the identification of IL-1 as a leukocyte-produced cytokine which desensitizes cells to
the cytotoxicity of TNF by studying the protective activity of IL-1 and neutralization of the protective activity
of pH 2.0-treated cytokines with antiserum to IL-1. Concentration dependence of the protective effect of IL-1
(@) and a preparation of pH 2.0-treated cytokines. subjected to purification following the step of gel filtration
(Fig. 1), after incubation for 2 h at 4°C with medium containing monospecific rabbit antiserum against IL-1
(applied at a dilution of 1 : 100) (x—x), or with medium alone (x=-—x).

Figure 3 is a comparison of the protective activity of rTNF and IL-1 in the human SV-80, Hela and L132
and mouse 1.929 cell lines. The protective effect was elicited by incubation for 4 hours with the indicated
concentrations of the two cytokines, followed Dy 12 hours incubation with rTNF (100 U/mi) + CHI (50
ug/mi).

Figure 4 shows the kinetics of induction of resistance to the cytotoxicity of TNF by TNF and by IL-1.
SV-80 cells were preincubated for the indicated time periods with rTNF (20 pM) (x) or IL-1 (7 pM) ( )
(broken line: viability in cultures preincubated with growth medium alone). Thereafter the cells were rinsed
and incubated with TNF (100 pM) + CHI (SO ug/mi) for 12 hours. Cell viability is expressed in percentage
of viability compared with cultur s chailenged with CHI alone.

Figure 5 shows the kinetics of th decreas in binding of TNF to SV-80 cells in response to IL-1 and
th increase in binding in response to IFN-gamma. IL-1 (3.5 pM) was applied on SV-80 cells either at 4°C
(9) or at 37°C (x) and rIFN-gamma (0.6 nM) at 37°C ( ). Following incubation for the indicated times
specific binding of ‘Z1-TNF (applied at 0.9 nM) was Quantitated. R sults are expressed as p rcentage of th
binding to untreated cells (4286 cpm). The binding of 'Z-TNF following incubation for 16 h with rIFN-
gamma (0.6 nM) and then for a furth r 4 h with IL-1 (3.5 PM) is aiso shown ().
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Figure 6 shows the binding of the radiclabelled TNF to IL-1 treated and non-treat d SVB0 cells.
Radiolabelled TNF was applied. at the indicated concentrations, either in absence (solid ling) or presence
(broken line) of 1000-fold excess uniab lled TNF to celis treated for 4 h with IL-1 {60 pg/mi) (@) or to
untreated celis (0). Scatchard plot analysis of the binding using the LIGAND program 3 is shown in the
inset.

Figure 7 is the dose response curve of IL-1 induced reduction in TNF binding to various celts. FS11
foreskin cells (@), SV80 cells (0), Hela cells (x) and U937 cells ( =) were incubated for 4 h with the
indicated concentrations of I1L-1 and the specific binding of 131.INF. applied at 3.6 ng/mi was then
quantitated as described for Table !, and is presented as percentage of the binding to untreated control
cells (1800 CPM in FS11 calls, 1400 CPM in SV80 cells, 5500 CPM in Hela cells and 3300 CPM in th
U837 cells). . .

Figure 8 shows the binding of TNF and the sensitivity to its cytolytic effect following removal of IL-1
from pretreated cells. SV-80 cells were incubated for 4 h with IL-1 (3.5 pM), rinsed thrice and tested at
various times thereafter for binding of TNF (x) and for sensitivity to its cytolytic effect (®). Binding of
radiolabelied TNF (0.2 nM) is presented in per cent of binding to cells which had not been treated with iL-1
(2585 cpmy); the extent of killing by TNF (100 pM) is presented as per cent viability compared to cultures
challenged with CHI alone. ,

Figure 9 shows the potentiation of the cytotoxicity of TNF by IL-1 in the presence of the metabolic
blocker cyloheximide (CHI). The cytolytic effect was studied on tour differant cell lines, SV-80, Hela, L132
and L929. IL-1 was applied for 12 hours at the indicated concentrations either together with CHI (50 ug/mi)
(0) or with both CHI (50 ug/ml) and rTNF (10 U/ml) (x).

Figure 10 shows the desensitization offect in mice in response to TNF and to IL-1. Mice were injected
with ‘he indicated amounts of TNF (@) or IL-1 (0) or with both TNF and IL-1. each at 0.5 ug/mouse ( L1).
Twelve hours later they were injected again with TNF (5 ug) and Act-D (20ug) and their survival tim
thersafter was recorded. )

Figure 11 shows the homologous and heterologous desensitization in response to TNF and to IL-1 n
mice. Mice were injected with TNF (Sug: 13) with IL-1 (02 ug. 1) or just with PBS (). Twelve hours
later they were again injected either with TNF (2 ug) or with IL-1 (0.4 ug). this time together with eith r Act-
D (20 ug) or GaiN (18 mg) and their survival time thereatter was recorded. '

Figure 12 shows the kinetics of desensitization in response to TINF. Mice were injected with TNF o
ug: G7) with IL-1 (0.4 ug WD) or just with P8S ( 2). Following the indicated time they were injected with
galactosamine (GaiN) (18 mg) and 10’ later again with TNF (3 ug) and their survival time ‘thereafter was
recorded.

Figure 13 shows the protective effect of TNF and IL-1, when injected at sublethal doses against letnal
effect of bacterial endotoxin (LPS) on BCG primed mice. CS7/BL mice were injected intravenously with
0.38mg Bacillus Caimette Guerin (BCG) in 0.5mi PBS. Two weeks later they were injected i.p. either with
PBS or with TNF (10ug) or with IL-1 {0.41g). Tweive hours later the mice were injected i.v. with 0.5 mi PBS
containing LPS (Escherichia coli, serotype 0127:8S8 prepared by phenclic axtraction) and their survival
thereafter was recorded.

DETAILED DESCRIPTION OF THE INVENTION

1. Identification of IL-1 as the leukocyte produced cytokine desensitizing cells 1o the cytotoxic eftect of TNF

Crude preparations of leukocyte-produced cytokines were exposed to pH 2.0. TNF is inactivated by
such treatment - both with regard to its cytolytic function and to its ability to induce resistance to its own
cytotoxicity. The TNF-free preparations were fractionated as shown in Figure 1 and the desensitization
activity copurified with iL-1. Desensitization activity was measured by applying the tested sample on human
SVB0 cells for a f w hours and subsequently applying TNF and CH! and measuring the extent ot resuiting
cell death. v '

Furth ¢ confirmation of th identity of the des nsitizing cytokine as IL-1 was demonstrated by the
neutralization of IL-1 with a monaspecific antibody against IL-1, as shown in Figure 2. Titration of the
desensitization activity of semi-crud cytokin preparation produced by th U937 cells with (x—x) or without
(x—x) treatm nt of this preparati n with antiserum raised against IL-1, demonstrated that iL-1 can mediat
th des nsitizing effect (@).

D s nsitizing effect of IL-1 in celis of three different human c Il lin s: SV80. HELA, L132 was alsa
demonstrated. illustrating the gen rality ot this ph nom non, as shown in Figure 3.
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Cytolytic and protective (desensitization) activities of the Cytokines were determined in ail the figures
using SV-80 cells which, for measurement of Cytolytic activity, w re incubated with serial dilutions of the
tested cytokine for 12 hours together with 50 ug/mi CHI: for measuring protective activity, th y were
incubated for 4 hours with the tested cytokin and th n for 12 hours with TNF, at the indicated
concentrations. together with 50 ug/mi CHI. The extent of cell killing was quantitated by the neutral-red
uptake assay. A unit of cytolytic activity is defined as the concentration of the tested Cytokine at which the
amount of cells remaining viable was 50 % of those that remained viable on incubation with CHI alone. A

unit of protective activity is defined as that Cytokine concentration protecting 50 % of the calis from killin by
TNF.

Thus, the component of pH 2.0-treated cytokin

identified as IL-1, based on the following findings :

a) The protective activity and a typical activity of IL-1 (thymocyte activation) copurified. wh n crude
preparations of U937-producsd Cytokines were subjected to a series of fractionation steps, resulting in
effective purification of IL-1 (See Fig. 1). ’

b) Monospecific antiserum to IL-1 neutralized the protective activity of such preparations (See Fig. 2).

¢) IL-1 of different souces induced resistance to the Cytotoxicity of TNF as effectively as did th
crude preparations of cytokines; some resistance was observed gven on treatment with as little as 0.1 unit
(3 pg) of IL-1 per ml, as shown in Figure 2. Bacterial lipopolysaccharide, which may contaminate
preparations of IL-1, did not induce resistance even when applied at concentrations as high as 10 ug/ml.

2. Preparation of native purified i1

Native purified IL-1 was prepared as follows : Crude preparations of cytokines induced in th human
histiocytic lymphoma cell line U937 (47) by 4-beta-phorbol-12-myristate-13-acetate (S ng/ml) and Sendai
virus (48) were adsorbed to controlled-pore glass beads (PG-350-200, Sigma, St. Louis. Mo). Most of th
protective activity and of LAF activity, and only a minor part of the Cytolytic activity and of IFN was
recovered in the unbound material. it was concentrated by ultrafiltration on an Amicon YMS membran and
depieted of IFN-aipha and of all residual TNF by application on immunosorbent columns constructed of
monocional antibodies against them. It was then dialyzed for 12 h against phosphate buffered saline, pH
2.0. Insoluble material was removed By centrifugation. Following equilibration with 1 M NaCl, 10 mM sodium
phosphate butfer, pH 7.4, the protein was fractionated on an Ultrogel AcA 54 column (16 x 110 mm) in 1 M
NaCl, 10 mM sodium phosphate buffer, PH 7.4, 0.1 mM ethylene diamine tetraacetic acid. 0.1 %
polyethylene glycol (M, 7000-8000) and 30 % ethylene glycol. Fractions of 2.5 mo! were collected and
assayed for LAF activity and for induction of resistance to TNF. The active fractions were pooled,
concentrated, equilibrated with 20 mM sodium phosphate, pH 7.4, and applied to a DEAE Sephacel column
(7mi) (Pharmacia, Uppsala, Sweden) preequilibrated with the same buffer (49). Both the protective and the
LAF activity were fully recovered in the material which remained’ unbound to the column. in analysis by
sodium dodecy! sulfate polyacrylamide gel electrophoresis, that material was found to contain a major
protein with an M, of about 17000 and only minor amounts of other proteins of lower M,. (LAF activity-
Lymphocyte activating factor activity).

3. interrelations between the effects of ‘lL-l and TNF on csll viability.

The protective effact of IL-1, induced in human SV-80 cells in the absence of CHI, was comparable to
that induced by TNF, as shown in Figure 3. However, as shown in Figure 9, unlike TNF, IL-1 has just a
barely detectable cytolytic effect on these cells in the presence ot CHI. As illustrated in Figure 9 under
particular situations, i.e. when protein synthesis in the cell is blocked, IL-1 can have the reverse-potentiation
effect on cell killing. At aven minute concentrations, IL-1 potentiated the cytotoxicity of TNF, increasing the
effectivity of cell killing by low concentrations of TNF to that elicited by as much as 25-foid higher
concentrations in th absence of IL-1. In two oth r human cell lines, HeLa and L132, IL-1 by its if was
clearly cytolytic when applied togeth r with CHI, and this Cytotoxicity appeared to be additive to that of TNF
(Fig. 7). Both inH La and in L132 cells, a protectiv effect of IL-1, as w I as of TNF. could be observed
when these cytokines were applied in the absence of CHI. (Fig. 3).

-
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IL-1 or TNF provide protection not only against the cytotoxicity mediated .in the presence of CHI. but
also against killing of cells in which synthesis of proteins has been suppressed by other agents. Taple Il
shows the cytotoxicity of TNF agains SV-80 cells in the presence of the protein synthesis inhibitor, emaetine
and the RNA synthesis inhibitor, actinomycin D. Like CHI. these two other inhibitors sensitized the SV-80
cells to killing by TNF. and as with CHI the sensitization by both inhibitors is greatly reduced by
pretraatment either with IL-1 or with TNF in the absence of the inhibitors.

4. Relation of the decrease in TNF receptors to increase in resistance against the cytotoxicity of TNF

observed following treatment with IL-1.

Cells treated with IL-1 as well as with TNF become more resistant to the cytolytic effect of TNF (50). As
shown in Figure 4, the induction of resistance by IL-1 and by TNF followed a similar time course, save that
with TNF resistance was reached earlier. Resistance to cytolysis kept increasing until about 5 h following
application of IL-1 (Fig. 4), even though the TNF receptor level had reached its lowest value aiready at
about 1 h (Fig. 5). This slow development of resistance in treating SV-80 cells with IL-1 can perhaps b
related to the fact that in these cells IL-1 can aiso have the opposite effect. While inducing resistance to
cytolysis when applied prior to the appiication of TNF. it is found to potentiate cytotoxicity when applied
together with TNF (48). Indeed, as shown in Figure 4, SV-80 cells treated with IL-1 for less than an hour
exhibited a higher vuinerability to the cytolytic effect of TNF than did the untreated celis {dashed line in
Figure 4). N

An even more pronounced discrepancy between the affect of IL-1 on the receptors for TNF and on ¢ I
vulnerability to cytolysis by TNF could be observed in the recovery from those two IL-1 effects.

As shown in Figure 8, removal of IL-1 from SV-80 cells was followed by a quite rapid recovery of th
receptors for TNF, but not of the vulnerability to its cytolytic effect. At 7 h following removal of iL-1, TNF
receptors were restored almost to their normal levei while the resistance to killing by TNF remained
unaitered. The maintenance of resistance to killing by the protein foliowing removal of IL-1 from treated
cells and the recovery of TNF receptors indicates that IL-1 induces some other changes which contribute o
cell resistance to killing by TNF, in addition to its effect on the receptors to TNF.

S. Decrease of TNF receptors in response to IL-1.

Treatment of SV-80 cells with IL-1 resulted in decreased expression of the receptors for TNF. In kinetic
studies, TNF binding was found to decrease within a few minutes of IL-1 application. reaching its low st
level at about 1 h. Thersafter, it increased slightly; nevertheless even after 20 h in the presence of IL-1, TNF
binding was significantly lower than in untreated cells (Fig. 5). Scatchard plot analysis of the binding shown
in Figure 6. indicated that in both IL-1 treated and untreated cells, TNF binds to receptors of a
homogeneous nature and that the affinity of the binding sites remains unaitered following IL-1 treatment,
while their density greatly decreases (900 receptors/cell and Kd of 9.7x10-''M in cells treated for 4 h with
60 pg/mi of IL-1, as compared to control values of 6200 receptors/cell and Kd of 1.1x10°'°M). In repeated
examinations, variations in the level of receptors for TNF (2234 to 6960 binding sites/cell) and some
variation also in the estimated values of Kd (9.6 x 10°'* M to 3.1 x 10"'°M) were observed. Yet in all
experiments IL-1, as well as PMA, were found to affect only the number of binding sites for TNF and not
their affinity. Data from a representative example are shown in Figure 6. (PMA - 4-beta-phorboi-12-
myristate-13-acetate).

The decrease in TNF receptors was temperature dependent. As shown in Figure 5, it could not be
observed at 4 * C, even when IL-1 was added a few hours prior to the addition of TNF or at a great excess
{as much as 500-fold) of TNF. On the other hand, it appears that the effect of iL-1 was not dependent on
prot in synthesis. :

TNF and IL-1 were found not to compete directly for binding to th ir target cells. These findings
indicated that the receptors 10 TNF and IL-1 are distinct molecules and that th expression of th receptors
to TNF can be subject to reguiation by IL-1. As shown in Tabl 1 and Figure 5, at 4°C IL-1, added to cells
either togeth ¢ with radiolabeiled TNF or a { w hours prior to application of TNF, had no effect on binding of
TNF. In contrast. at 37°C, reatm nt of the human fibroblastoid SV80 cells and of foreskin fibroblasts (FS-
11) with IL-1 resulted in a marked and rapid reduction of TNF binding. Binding was maximally inhibited at 1
h following application of IL-1 and then slowly recovered. However, even 20 h following initiation of IL-1
treatm nt the binding was still markedly reduced.

M o
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Th effect of IFN-gamma on TNF receptors was also examined as shown in Figure 5. As in other cails,
IFN-gamma induced in th SV-80 cells an increase in receptors for TNF which was initiat d a few hours
following the addition of IFN. Cells in which the receptors for TNF had be n increased by IFN also
responded to iL-1 by a decrease in the number of TNF receptors. aithough not to the same low level as in

5 cells which were not treated with IFN. Quantitation of IFN-gamma receptors in the SV-80 celis showed no
alteration in their level after treatment of the cells by iL-1 or TNF.

As shown in Fi igure 7. human foreskin fibroblasts were found to respond to the effect of IL-1 on TNF

binding to an even greater extent than did SV-80 cells. TNF receptors showed a more pronounced
decrease and the affact could be obsarved at lower iL.1 concantratione., Some decraase was inducad |

coula e onsa concentratof GOLTOESS WaS INGUCSa i

10 these cells by as little as 3.5x107'* M IL-1 (0.02 LAF U/mi). Decrease of TNF receptors was induced by iL-1
also in Hela cells although less effectively than in the SV-80 cealls. On the other hand, no decreas in TNF
receptors could be observed when US37 histiocytic lymphoma cells were treated with IL-1. Examining th
binding of radiolabelled IL-1 to these different cell types, as shown in Table 1, suggested a correlation
between the effect of IL-1 and the level of receptors to this protein. IL-1 binding was highest in the FS11

15 cells, lower in SVBO cells, even lower in Hela cells, and below detectabls levels in U937 cells. TNF did not
compete with the labelled IL-1 for the binding. Furthermore, treating the cells for 4 h with TNF (at 17 ng/ml)
did not result in a decrease in their ability to bind IL-1 (Table 1). Also the binding of radiolab lled riFN-
gamma to the celis was not significantly changed foilowing treatment by IL-1 or TNF.

20
6. Desensitization to the lethal sffects of TNF and of IL-1.

Nine to thirteen weeks old Balb/c mice were used in all experiments. TNF, IL-1, LPS, actinomycin-0
(Act-D) and D-galactosamine (GalN) were solubilized in PBS and injected i.p.; each in aliquots of 0.5 ml. For
25 lethality determination TNF, IL-1 or LPS were administered alone or 10 minutes following injection of Act-D
or GalN; for desensitization experiments mice were injected with TNF or IL-1 12 h prior to a challenge
consisting of the same regimen as the lethality testing. Following treatments the mice were continuously
observed for a period of 72 h in order to determine the time of their death. In all cases, mice that survived
72 h appeared completely normal at that time. Furthermore, part of these mice were observed for a week
30 and found to show no sign of deterioration. All experiments were performed in duplicate with qualitativ ly
the same results. Two mice were examined for each experimental point, in each of the experiments. Their
actual survival time as well as the average of the survival time of the two mice used for each of the points
are presented.
Act-D and GalN sensitize mice to the lethal effect of TNF and IL-1. In an attempt to elucidate th nature
3s of the sensitizing effect of Act-D and of GalN, it was tested whether injection of TNF or IL-1 in the absence
of these agents affects the response of mice to a subsequent injection of TNF or IL-1 together with Act-O or
GalN. As shown in Figures 10 and 11, mice injected with TNF + Act-D 12 h after injection of TNF, survived
the lethal effect of TNF + Act-D for a longer time than mice which had not been pre-exposed to TNF alon .
That protective effect was prominent in mice which were pretreated with a high dose of TNF (Swg/mous )
« but could clearly be discerned even in mice which were pretreated with as little as 0.02 ug TNF. Similarty,
viability of the mice following injection with IL-1+Act-D was prolonged by prior injection with (L-1.
Pretreatment with IL-1 aiso increased the ability of mice to survive a subsequent injection with TNF + Act-D.
Inversely, mice pretreated with TNF showed an increased ability to survive the lethal effect of iL-1 + Act-D.
Injecting mice with TNF and IL-1 together protected them from the lethal effect of TNF +Act-0 mors
«s effectively than their preinjection either with TNF or IL-1 alone, as axhibited by the rectanguiar in Figure 10.
Mice injected with TNF or IL-1 were also protected from the lethal effect of subsequent injection of TNF
or IL-1 in the presence of GalN. That protection was even more effective than the protection against the
lethal effect which these cytokines exert in the presence of Act-D. At those concentrations of TNF and IL-1
appiied in the experiment described in Figure 11, death in sensitization with Act-D was just delayed by a
so prior treatm nt with IL-1 or TNF whil death occurring in sensitization with GalN was actuaily prevented.
GalN-sensitized challenges were therefore chosen in examining th kin tics of the protectiv effect shown in
Figure 12. Partial protection from the lethal effect of TNF GalN, r flected in proiongation of survival tim .,
could be observed already at 30’ after injection of TNF or IL-t alon (10 ug and 0.4 ug/mous .
respectively). On h after TNF/L-1 injection, the mice were fully protected. Th y remained protected 12 h
ss after the injection. Twenty four h after pretreatment with TNF, on of the two mice died wh n injected with
'INF+GalN, suggesting som decrease in th protective effect. Fourty eight h after pretreatment the
protection had fully abated.
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7. Utility and. Administration.

The compositions of the invention can be used for antitumor. antibacterial. antiviral or antiparasitic

" treatment.

EHtective amounts administered to ‘mice are for pretreatment with IL-1 in the range of between 0.5 to
25ng per one gr of body weight of mouse and subsequent treatment (subcutaneous) with TNF in.the range
of 0.1 to 10 ug/g body weight. or subsequent treatment (intraperitonial) with TNF + Actinomycin-D, 4-
40ng/g and 0.5 to 1.5ug/g respectively.

The amounts of active compound to be administered to humans will depend on various factors. such as
the state of the patient, the symptoms to be treated. the severity of the affliction. the route of administration
and the judgment of the prescribing physician. In the more severe cases, higher dosages of combinations
of TNF and IL-1 may be considered, optionally together with interferon and/or sensitizing agent.

Administration of the IL-1 and TNF, with or without interferon, metabolic blocker, or chemotherapeutical-
ly active drug can be via any acceptable mode of administration. Treatment via injection is preferred.
Known suitable modes of administration are intravenous injection, intraperitoneal, intramuscular or in-
tralesional injection or infusion. Local treatment may be considered in case of external infections.

The compositions of the invention are prapared for administration by mixing the active materials, i.e. the
IL-1, TNF. IFNs, metabolic blockers or the chemotherapeutically active drugs. with physiologically accept-
able carrier; i.e. carriers which are non-toxic to recipients at the dosages and concentrations employed. For
example, the ‘carrier could be one or more of the following two materials : buffers, antioxidant, wetting or
emuisitying agents, amino acids, polypeptides, proteins carbohydrates. chelating agents such as EDTA and
other stabiiizers and excipients.

An exampie for a composition according to the invention is as follows : two sterilized glass vnals. vial A
containing sub-deleterious amounts of IL-1 dissolved in a physiological saline solution and vial B contammg-
therapeutically effective amounts of TNF dissolved in physiological saline. The administration of vials A and
B is carried out in accordance with written instructions which accompany the two wials, the mstrucuons
indicating to inject the contents of vial A and after a predetermined time interval to inject the contents&of vial
B.
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on the binding of IFN-gamma to various ceils.

Binding of 'BI+TNF (at 3.6 ng/mi), ‘Bl-iL-1 (at 49 ng/ml) and 'Bl-rIFN-gamma (at 13 ng/mi) 10 th
indicated cells was determined at 40°C as described below. Competition of IL-1 and TNF with sach oth r
for binding to their receptors was examined by applying the nonlabelled cytokines. at the indicat d
concentrations, simuitaneously with the labelied proteins to the binding asay. The effect of pretreatment with
IL-1 or TNF was examined by applying the proteins on the cells at 37°C for 4 h prior to application of the
labelled cytokines. Human TNF and IFN-gamma were radiolabelled as previously described (30, 44); the
first with the chloramine T reagent to specific radioactivity of 42 Ci/g, and the second with the Boiton and
Hunter reagent to specific radioactivity of 18 Ci/g. IL-1 was radioiodinated with the chioramine T reagent
(31) to specific radioactivity of 40 Ci/g. Recovery of bioactivity following the iodination, as estimated by
measuring the protective effect of the protein against the cytotoxicity of TNF (25) was over 95%. For
determining binding of the radiolabelled proteins to SV80 (45), or HelLa (48) celis or to the FS11 strain of
foreskin fibroblasts (established in the laboratory). these cells were seeded in growth medium (Eagle's
minimal essential medium containing 10% fetal caif serum) into 18 mm tissue culture plates. at a density of
2.5x10° cells/plate. Foliowing 24 h incubation at 37°C, the plates were transferred to ice, the growth medium
removed and the radiolabelled proteins applied, in duplicates, either alone or in the presence of 1000-fold
excess of the nonlabelled protein, in 150 ul growth medium aiso containing 20 mM Hepes buffer and 15
mM sodium azide. The nonadherent U937 ceils (47) were incubated with the labelled TNF in sampies of
5x10% ceils in tubes under otherwise identical conditions Following 2 h incubation, with constant agitation, at
4°C, the FS11 and Hela cells were rinsed 3 times with a buffer containing 140 mM NaCl, 1.5 mM KH:PO,,
8 mM NazHPO. 2.7 mM KCl, 0.5 mM MgClz, 0.9mM CaClz, 0.5% bovine serum albumin and 15 mM sodium
azide (PBS/BSA). The cells were then detached in Ca?* and Mg?* free PBS containing 5 mM athy! ne
diamine tetraacetic acid and transferred to counting tubes for determining their associated label. SVB0 cells
were found to detach from the substrate in cold, therefore, following incubation with the labelled proteins
they were transferred to tubes, washed 3 times by spinning, each time, for 10 mins, at 250 g and
resuspending in 5 mi PBS/BSA and then transferred to counting tubes. U937 cells were washed in the same
way. Nonspecific binding of the radiolabelled TNF and iL-1, observed in the presence of an excess of the
nonlabalied cytokines were as follows: in SVBQ cells 200 and 200 CPM, in FS11 cells 300 and 200 CPM, in
HelLa cells 700 and 500 CPM and in the U937 cells 600 and 200 CPM for the labelled TNF and IL-1
rospectively. Non specific binding of IFN-gamma was 300 CPM in SV80 cells and 600 CPM in the FS11
cells. Specific binding was calculated by subtracting the values of nonspecific binding from the binding
observed with the labelled cytokines alone. Intraduplicate variation in binding was in the range of 10% of
the average value.
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TABLE II. Protective effect of IL-1 and of TNF against the cytotoxicity
mediated by TNF in presence of QiI, emetine ard actinanycin D.

in absenca
of TNF
sensitizing
agent
ODs40
- 0.305
cycloheximide 0.226
(50 ug/ml)
ematine 0.262
(10 ug/m1)
actinomycin D 0.243
(5 ug/m1)

upon treatment with T™NF (500 U/mi)

o pretreatment with
pretreatment TNF (20 U/ml) IL-1 (2 u/ml)
540 0540 % ODgqp &
0.319 105 0.308 101 0.293 96
0.020 9  0.195 ‘86 0.163 72
0.029 11 0.234 89 0.220 84
0.052 21  0.236 97 0.215 88

SV-80 celis following 4 h pretreatment with IL-1 or TNF or without such pretreatment were tested for
their vuinerability to the cytolytic effect of TNF applied for 12 h together with the indicated sensitizing
agents. Viability of the cells is presented as neutral red uptake (ODseo) and, in cultures with TNF,

30 Ppercentagewise as compared to the viability in cultures incubated with the sensitizing agent alon .

5
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TABLE III

expression by human peripheral blood leukocytes

IL-1 epplied

TNF binding to:

(U/ml) Granulocytes Mononuclear leukocytes
(LEM)

0 520 1162

6.01 510 n.d.

0.1 280 n.d.

1 305 1000

10 284 900

108 236 700 !

n.d. - not daterained

Granulocytes and mononuclear
through a *Monopoly” cushion. They

leqkocwes were isolated from frashly collected blood by spinning
were then incubated for 1 hr at 37°C in a Duibecco's modified Eagle's

medium containing 10% fetal calf serum and IL-1 ‘at the indicated concentration. Binding the *2\.jabell d
TNF to aliquots of 108 leukocytes was then determined. As shown in the table, a significant decrease in
TNF receptor expression by granulocytes was found to be induced as littie as 0.1 U/mi (LAF activity) of -

1.
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Claims

1. A method for modulating the deleterious offect of TNF, TNF-like peptides or derivatives thereof
and/or IL-1, IL-1-like peptides, or derivativ 8 thereof in marnmals, comprising administering to said
mammals sub-del terious amounts of TNF, TNF-like peptides or derivatives thereot and/or IL-1, or iL-1-like
p ptides or @ rivatives th reof.

2. A method according to claim 1 wherein th modulated TNF and/or IL-1 are ndogenous.

3. A'm thod according to claim 1 wherein th modulated TNF, TNF-like peptides or derivatives th reof.
and/or IL-1, IL-1-ike peptid s or d rivatives therect ar exogenous. '

4. A method according to claims 1 or 3, comprising administering to 3 mammal sub-deleterious
amounts of TNF, TNF-iike peptides of derivatives thereof, and/or IL-1, IL-1-iike peptides or derivatives
thereof prior to the administration ot therapautically effective but potentially deleterious amounts of TNF.
TNF-like peptides or derivatives th reof, and/or IL-1. IL-1-like peptides or derivatives th reof.

© . term 4 kmacmia tha TNE ie native-TNF.

e - —— e W —— S————
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6. A method according to claim 1 wherein the TNF is a recombinant TNF.

7. A method according to claim 1 wherein the TNF is alpha-TNF.

8. A method according to clam 1 wherein the TNF is beta-TNF.

9. A method according to claim 1 wherein the IL-1 is native IL-1.

10. A method according to claim 1 wherein the IL-1 is 3 recombinant IL-1.

11. A method according to claim 4 wherein the therapeutically effective amounts of TNF, TNF-iike
peptides or derivatives thereof. and/or IL-1. IL-1-like peptides or dervative thereot, are administered in
combination with effective amounts of a sensitizing agent.

12. A method according to claims 1 or 4 further comprising administering to a mammal effectiv
amounts of interferon.

13. A method according to claim 24 wherein the interferon is administered prior, or following, or
simuitaneously to the administration of the non-deleterious amount of TNF, TNF-like peptides or derivatives
thereof, and/or IL-1, or IL-1-like peptides cr derivatives thereof.

14. A method according to claim 11 wherein the sensitizing agent is a metabolic blocker, or a
chemotherapeutically active drug, or actinomycin D.

15. A method according to claim 12 wherein the interferon is a native interferon.

16. A method according to claim 12 wherein the interferon is a recombinant interferon. :

17. A method according to ¢laim 15 or 16 wherein the interferon is an alpha-interferon, or beta-
interferon, or gamma-interteron.

18. A method according to claims 1, 3. 11 or 12 wherein the TNF, TNF-iike peptides. or derivativ s
thereof. and/or the IL-1, IL-1-like peptide or derivatives thereof, the sensitizing agent or the interferon are
targeted 1o a specific cell. : . .

19. A method according to Claim 1 wherein the sub-deleterious amounts of IL-1 reduce the number of
TNF receptors per cell by at least 80 percent. )

20. A method for monitoring the moduiation of the TNF effect in a patient treated with IL-1, comprising
the quantitation of the TNF receptor level in cell sampies of said patient. ’

21. A method according to claim 20 whersin the cell samples are peripheral blood leukocytes.

22. A composition comprising TNF, TNF-like peptides or derivatives thereof and IL-1, IL-1-like peptides
or derivatives thereof, with at least one pharmaceutically acceptabie excipient.

23. A composition according to claim 22 for modulating the effect of TNF, TNF-like peptides or
derivatives thereof andsor IL-1, IL-1-like peptides or derivatives thereof. _

24. A composition according to Claim 23 for modulating the deleterious effect of TNF, TNF-like
peptides or derivatives thereof and/or IL-1, IL-1-like peptides or derivatives thereof.

25. A composition according to claim 24 for modulating the deleterious effect of endogenous TNF
and/or IL-1. :

26. A composition according to claim 24 for modulating the deleterious effect of exogenous TNF, TNF-
like peptide or derivatives thereaf and/or IL-1, IL-1-like peptide or derivative thereof.

27. A composition according to claim 22 for potentiating the cytotoxic effect of TNF.

28. A composition according to claim 22 for potentiating the cytotoxic effect of IL-Y.

29. A composition according to claim 22 comprising TNF, TNF-like peptides or derivatives thereof, in
arnounts sub-deleterious to a mammal and therapeutically effective but potentially deleterious amounts of
IL-1, IL-1-like peptides or derivatives thereof. :

30. A composition according to claim 22 comprising IL-1, IL-1-like peptides or derivatives thereof in
amounts sub-deleterious to a mammal and therapeutically offective but potentially deleterious amounts of
TNF. TNF-like peptides or derivatives thereof. )

31. A composition according to claims 28 or 29 wherein the composition is prepared in vivo.

32. A composition according to claim 31 prepared by administering the TNF, TNF-ike peptides or
darivatives thereof, prior to the administration of the IL-1, IL-1-like peptides or derivatives thereof.

33. A composition according to claim 31 prepared by administering the IL-1, iL-1-like peptides or
derivative th reof prior to th administration of TNF, TNF-like peptides or derivativ § thereot.

34. A composition according to claim 22 further comprising a sensitizing agent. i

35. A composition according to claim 22 further comprising an interferon.

36. A composition according to claim 34 wherein the sensitizing agent is a metabolic blocker, or 3
‘chemoth rapeutically activ drug, or actinomycin D. '

37. A composition according to claim 35 wh rein the interferon is s lected from alpha-, beta-and
gamma-interteron. .

38. A composition according to claim 37 wh rein th interferon is a native intsrieron.

39. A composition according to claim 37 wherein the intert ron is a recombinant interferon.
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40. A composition according to claim 29 comprising TNF in amounts sub-deleterious to a mammal ang
therapeuticaily effective but potentiaily deleterious amounts of IL-1.

41. A composition according to claim 30 comprising IL-1 in amounts sub-deleterious o a mammal ang
therapeutically effactive but potentially delaterious amounts of TNF.

5 42. A composition according to claim 22 comprising a sub-deletarious amount of IL-1, IL-1-like p ptide
or derivative thereof with at least ons pharmaceutically acceptable excipient in a container (a) and a
therapeutically effective but potentially deleterious amount of TNF, TNF-like peptide or derivative thersof
with at least one pharmaceuticaily acceptable excipient in a container (b), and instructions for administering
to a patient contents of container (a) prior to administaring contants of containar (b).

10 43. A composition according to claim 22 comprising a sub-deleterious amount of TNF, TNF-lik peptid
or derivative thereof with at least one pharmaceutically acceptable excipient in a container (a) and a
therapeutically effective but potentially deleterious amount of IL-1, IL-1-like peptide or derivative th reof with
at least one pharmaceutically acceptable sxcipient in a container (b), and instructions for administering to a
patient contents of container (a) prior to administering contents of container (b).

18 44. A composition according to claim 22 comprising a sub-deleterious amount of IL-1, iL-1-like peptide
or derivative thereof with at least one pharmaceutically acceptable excipient in a container (a) and a
therapeutically effective but potentially deleterious amount of TNF, TNF-iike peptide or derivative thereot
and IL-1, IL-1-like peptide or derivative thereof, with at least one pharmaceutically acceptable excipi nt in a
container (b), and instructions for administering to a patient contents of container (a) prior to administering

20 contents of container (b).

45. A composition according to claim 22 comprising a sub-deleterious amount of TNF, TNF-iike peptide
or derivative thereof with at least one pharmaceutically acceptable excipient in a container (a) and a
therapeutically effective but potentially deleterious amount of IL-1, IL-1-like peptide or derivative thereof, and
TNF, TNF-like peptide and derivative thereof, with at least one pharmaceutically acceptable excipi nt in a

25 container (b), and instructions for administering to a patient contents of container (a) prior to administering
contents of container (b).

48. A composition according to any one of claims 42 to 45 further comprising a contain r (¢)
comprising interferon, accompanied by instructions for administering contents of container (¢) prior to,
simultaneously with or followmg the administering of contents of container (a) or of container (b). '

30 47. A composition accordmg to any one of claims 42 to 45 further comprising a container (c)
comprising a sensitizing agent, accompanied by instructions for administering contents of contain r (c) prior
to. simuitaneously with or following the administering of contents of container (a) or of container (b).

48. A composition according to any one of claims 42 to 45 and 47 wherein the sensitizing agent is a
metabolic blocker, or actinomycin D.
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